Mantle vegetation includes plant communities dominated mostly by shrubs and occurs in habitats where the typical tree layers meet difficulties to evolve. This study was conducted in three areas of Bulgaria -Western Balkan Range, Western Sredna Gora Mt. and the Fore-Balkan. Numerical classification and ordination were performed by PC-ORD and JUICE software packages. Diagnostic species were determined by calculating the Phi-coefficient. Two associations and one plant community of the Berberidion alliance were recognized -Corno-Ligustretum Horvat ex Trinajstić & Z. Pavletić 1991, Pruno spinosae-Ligustretum vulgaris Tüxen 1952 and Elytrigia repens-Crataegus monogyna community. The latter considered as a successional stage of shrub encroachment into the grasslands. Its species composition is very close to that of the ass. Corno-Ligustretum. The species composition of ass. Pruno-Ligustretum represents a mixture of species characteristic for dry and mesic grasslands, fringe and forest vegetation. The Crataego-Prunetea class is still poorly studied in Bulgaria and much more data from all regions in the country have to be collected.
Introduction
Mantle vegetation includes plant communities dominated by shrubs and small trees regularly presented by seral stages or permanent forest edge phytocoenoses united mainly in Crataego-Prunetea Tüxen 1962 (Syn.: Rhamno-Prunetea Rivas Goday & Borja Carbonell ex Tüxen 1962) class on a European scale (Mucina et al. 2016 , Amigo et al. 2017 ). This class comprises temperate continental and sub-Mediterranean shrubby structured vegetation developed on mesic to dry, neutro-basic and meso-eutrophic substrates (Theurillat et al. 1995 , Sádlo et al. 2013 , Mucina et al. 2016 . Typically, this vegetation have secondary origin and develops on sites like forest clearings and abandoned seminatural grasslands (Sádlo et al. 2013) . Syndynamical relations with the surrounding forest and grassland vegetation also exist (Čarni 1995 (Čarni , Rodwell et al. 2002 . Shrub mantle developing around woodlands is not mandatory. Some shade trees, like Spruce (Picea), Fir (Abies) and Beech (Fagus) tend to form low to the ground branches so to prevent thriving of light-loving shrubs (Ellenberg 1988) . Natural mantle plant communities occur and thrive in habitats where the typical tree layers have difficulties to evolve (Pignatti & Pignatti 2014) .
Typically these are thorn shrublands dominated by species mostly from the genera Acer, Cornus, Crataegus, Ligustrum, Prunus, Rhamnus, Rosa, Rubus and Sambucus (Sádlo et al. 2013 , Aguiar & Vila-Viçosa 2017 , Fitsailo 2017 . The Balkan's temperate scrub and mantle vegetation is classified within Prunetalia spinosae Tüxen 1952, while the thermophilous is united under Paliuretalia Trinajstić 1978 orders (Mucina et al. 2016) .
The Crataego-Prunetea class is barely studied in Bulgaria and confirmed so far by one association -Coryletum avellanae Soó 1927 and three plant communities only (Dimitrov et al. 2004 , Pedashenko et al. 2015 . More similar vegetation in Bulgaria is described and classified within different classes. The forest clearings of Rubetum idaei Pfeiff. 1936 (Sambuco-Salicion Tüxen & Neumann 1950 from Vitosha Mts. are related to class Epilobietea angustifolii Tüxen & Preising ex von Roshow 1951 (Dimitrov et al. 2004 ). Sopotlieva et al. (2016) classified four shrub communities from Eastern Balkan Range [Pruno tenellae-Syringion (Jovanović 1979) Čarni et al. 2009 ] within class Quercetea pubescentis (Oberd. 1948 ) Doing Kraft 1955 .
The purpose of this study is to contribute to the knowledge of the mantle vegetation in Bulgaria.
Material and methods

Study area
The study was conducted in three areas of Bulgaria belonging to the districts of Sofia and Gabrovo (Figure 1) . The first area is located at the Western Balkan Range (Sofia district), the second at the Western Sredna Gora Mt. (Sofia district), while the third area included Strazhata hill -a part of the Forebalkan (Gabrovo district). All study areas are partially included into the Natura 2000 network by seven Sites of Community Interest (SCIs): Skalsko (BG0000263), Dryanovski manastir (BG0000214), Vitata Stena (BG0000190), Yantra River (BG0000610), Etropole-Baylovo (BG0001043), Dragoman (BG0000322) and Rayanovtsi (BG0002001).
The climate in the studied areas is temperate to continental and characterized by warm summers and cold winters. The precipitation maximum occurs in May and June while the minimum in January and February (Velev 2002) . Three main geomorphological units can be recognized in the considered areas: 1) the Balkan Mountain system, which crosses the whole country from west to east and represented in this study by Mala Planina Mt., Murgash Mt. and Etropolska Planina Mt., 2) the Transitional zone including Sredna Gora Mt. and 3) the Forebalkan (including Strazhata hill) with alternating low mountain ridges and depressions (Stefanov 2002) . Karst is the most common bedrock type in Strazhata hill, the southern part of Mala Planina Mt. and the northern part of the Western Sredna Gora Mt. Silicate substrates are widespread in the Western Balkan Range (Murgash Mt., Mala Planina Mt. and Sredna Gora Mt.) . The soils of Strazhata hill are mosaic of Luvisol and Rendzic Leptosols, comprising more than 40% of carbonates (Ninov 2002) . In the Western Balkan Range (part of Stara Planina Mt.) and the Western Sredna Gora Mt. soils are Dystric Cambisols and Umbric Leptosols (Ninov 2002) .
Data sampling and analysis
Within the 2015-2018 field seasons 36 reléves from the studied areas were collected following the Braun-Blanquet approach (Braun-Blanquet 1965, Westhoff and van der Maarel 1973) . The plot size was 64 m 2 , as recommended for shrub communities (Chytrý & Otýpková 2003) .
Altitude, slope inclination and location were measured by Garmin eTrex Vista whereas the exposition was determined by a compass. Soil depth was estimated in three degrees as (1) shallow (<10 cm depth), (2) moderately deep (10-20 cm) and (3) deep (>20 cm).
19/1 • 2020, 81-97 Kiril Vassilev, Momchil Nazarov & Nikolay Velev Contribution to the knowledge of Crataego-Prunetea Tüxen 1962 class in Bulgaria All reléves were stored in the Balkan Vegetation Database (Vassilev et al. 2016 ). The numerical classification was performed by PC-ORD (McCune & Mefford 1999) and JUICE 7.0 (Tichý 2002) software packages. Sørensen (Bray-Curtis) was used as distance measure and similarity was calculated by Ward's clustering method. The species values were square-root transformed and three cut levels (0, 5, 25) were used.
The diagnostic species were determined by calculating the Phi-coefficient (Chytrý et al. 2002) . All clusters were standardized to equal size (Chytry et al. 2006) . Only the statistically significant Phi-coefficient values evaluated by Fisher's exact test (P<0.05) were considered. The threshold value for a species to be considered as diagnostic was set up at Phi-coefficient ≥ 0.3. Species with Phi-coefficient ≥ 0.5 were considered as highly diagnostic. The "Constancy" of the species was presented by percentages in the synoptic table. The relevant literature sources were considered also in order to explain the diagnostic role of the species.
Species with coverage above 50% at least in 5% of the reléves in any cluster were considered as dominants, whereas constant species were those having at least 50% presence in a cluster.
Detrended Correspondence Analysis (DCA) was ap-plied as an indirect ordination technique in order to reveal the major environmental gradients affecting the vegetation. Square root transformation and down-weighting of the rare species were applied. The habitat's ecological conditions were assessed using the "Ellenberg indicator values" (Ellenberg 1979 , Ellenberg et al. 1992 ) and projected onto the ordination space. Hill et al. (2000) indicated that "Ellenberg indicator values" are applicable to other parts of Europe even though they were originally assigned to the Central European flora.
The nomenclature of vascular plants followed Delipavlov & Cheshmedzhiev (2003) and subsequently standardized according to the Euro+Med PlantBase. Nomenclature of the bryophytes followed Ganeva & Dull (1999) and Natcheva & Ganeva (2005) . The floristic elements were interpreted according to Assyov & Petrova (2012) . The species life forms assessments were based on the biological type of the species given in Delipavlov & Cheshmedzhiev (2003) . The nomenclature of the high rank syntaxa was harmonized with Mucina et al. (2016) . We also merged the following species into aggregates: Heracleum sphondylium agg. (Heracleum sphondylium, Heracleum sphondylium subsp. ternatum) and Potentilla recta agg. (Potentilla recta, Potentilla recta subsp. pilosa).
Figure 1:
Map of the studied areas. The sampled localities expressed by different shapes giving the vegetation classification. Slika 1: Zemljevid preučevanih območij. Lokacije vzorčenja so prikazane z različnimi znaki, ki predstavljajo tudi klasifikacijo vegetacije. Kiril Vassilev, Momchil Nazarov & Nikolay Velev Contribution to the knowledge of Crataego-Prunetea Tüxen 1962 class in Bulgaria
Results
Vegetation classification and ordination procedures resulted in three well-differentiated groups of reléves (Figs 1, 2) . The clusters were well separated in the ordination space ( Figure 3 ). The first axis (eigenvalue = 0.425, gradient length: 2.658) explained 11.35% of the total inertia and could be related to the moisture gradient. Ass. Pruno spinosae-Ligustretum vulgaris and Elytrigia repens-Crataegus monogyna plant community were found in warm habitats, whereas ass. Corno-Ligustretum was characterized by more humid microclimate conditions. The variability expressed by the second axis (eigenvalue = 0.255, gradient length: 2.337) may be associated with the nutrients availability. It explains 6.81% of the total inertia in the data set (3.746).
The clusters obtained were recognized and interpreted as follows:
The syntaxonomical scheme proposed: Cl. Crataego-Prunetea Tüxen1962
Ord. 
Discussion
The studied locations represent semi-mountainous and mountainous areas with a great diversity of orographic, soil and ecological features. These areas are characterized by a significant variety of vegetation types. Many shrublands have a secondary origin and substitute former natural grassland vegetation types (Meshinev et al. 2000 , Apostolova & Meshinev 2001 , Yordanova 2001 ). In the 1990s the share of the semi-natural grasslands has decreased tremendously. During the last 30 years, the shrubland presence significantly increased in the territory of the country. Meshinev et al. (2005) identified two main negative processes in the semi-natural grasslands: the invasion of woodland species due to abandonment and the conversion of pastures to arable lands. Both trends lead to a decrease in the species richness. We consider the Elytrigia repens-Crataegus monogyna plant community as a successional stage of shrub encroachment into the grasslands. The herb layer is still advanced in these communities ( Figure 3 ). The shrub cover will continue to increase while the herb species number and cover will decrease in the course of the successional changes. The species composition of this plant communi-19/1 • 2020, 81-97 Kiril Vassilev, Momchil Nazarov & Nikolay Velev Contribution to the knowledge of Crataego-Prunetea Tüxen 1962 class in Bulgaria ty is very close to that of the ass. Corno-Ligustretum Horvat ex Trinajstić & Z. Pavletić 1991 ( Figure 2 , Table 1 ). Depending on the local moisture available the seral stages have started from the Elytrigia repens-Crataegus monogyna community may succeed into ass. Corno-Ligustretum (in mesic or wet conditions) or into ass. Pruno spinosae-Ligustretum vulgaris (in moderately dry conditions).
The Corno-Ligustretum Horvat ex Trinajstić & Z. Pavletić 1991 association is well-known from Croatia (Horvat 1962 , Rauš et al. 1985 , Trinajstić & Pavletić 1991 , Trinajstić 2002 . Syntaxonomically it is very close to ass. Rhamno catharicae-Cornetum sanguineae Passarge 1962 found in the Czech Republic (Sádlo et al. 2013) . Some of its diagnostic species such as Acer campestre, Ulmus minor, Alliaria petiolata are found in the species composition of the Corno-Ligustretum. According to Trinajstić (2002) associations Corno-Ligustretum, Rhamno catharicae-Cornetum sanguineae and Pruno spinosae-Ligustretum vulgaris of the Berberidion vulgaris alliance have very similar species composition.
The species composition of ass. Pruno spinosae-Ligustretum vulgaris Tüxen 1952 represents a mixture of species characteristic for dry and mesic grasslands, fringe and forest vegetation. Čarni (1995) pointed out this association as having a large ecological distribution. This association is well-known from the Czech Republic (Sádlo et al. 2013 ), Slovakia (Hegedüšova & Valachović 2015) , Slovenia (Čarni 1995) and Romania (Balazs 2008 , Irina 2008 , Sanda et al. 2008 . Traditionally this association is accepted in Romania as ass. Crataego monogynae-Prunetum spinosae Soó 1931, which is a synonym of ass. Pruno spinosae-Ligustretum vulgaris Tüxen 1952. The Pruno-Ligustretum floristically and ecologically is very close to Rhamno catharicae-Cornetum sanguineae and Corno-Ligustretum Horvat ex Trinajstić & Z. Pavletić 1991. The shrub layer has similar structure and species composition. In Bulgaria, such vegetation has been studied by Pedashenko et al. (2015) from Kongura reserve, SW Bulgaria, where the Rosa, Crataegus, Prunus plant community was described.
The Berberidion vulgaris alliance unites vegetation which is a mixture of species typically for dry and mesic grasslands, ruderal herbaceous vegetation, forest clearings and forest (Sádlo et al. 2013) , frequently dominated by continental thorny ans spiny shrub species such as Berberis vulgaris, Crataegus spp., Prunus spinosa, Pyrus pyraster, Rhamnus cathartica, Rosa spp. and Rubus spp. In the studied communities only two conservation significant species were found -the Balkan endemics Cytisus jankae and Pastinaca hirsuta. Alliance Berberidion has a wide distribution in North Bulgaria and in the semi-mountainous and mountainous regions of the country. Since the sub-Mediterranean climate influence is present in South Bulgaria this vegetation forms there transitional shrub communities with Paliurus spina-christi (ord. Paliuretalia Trinajstić 1978) , Pinus nigra, Cytisus eriocarpus, Jasminum fruticans. The vegetation of Prunion fruticosae Tüxen 1952 alliance is poorly studied in the country (Tzonev et al. 2009 ). The Crataego-Prunetea class is still unwell known in Bulgaria. In order to reveal the whole syntaxonomical diversity of this vegetation type more data need to be collected from all biogeographical regions in Bulgaria. 
